Photoemission data from (110) films of Li, Na, and Rb, in which the signal from the first atomic layer is well resolved, show that the core-hole-screening singularity index is -40% larger at the surface than in the bulk for all three metals. This result, which is indicative of the more atomiclike character of metal surface atoms, in general, is particularly large for the alkali metals because their conduction-electron screening is mainly s-like. In addition to quantifying the difFerence in screening at the surface, the data provide bulk singularity indices of 0.22, 0.16, and 0.14 for Li, Na, and Rb, respectively. These new values are in better agreement with theory and with the threshold exponents than earlier values derived from incompletely bulklike x-ray photoemission data.
I. INTRODUCTION
The conduction-electron screening of a photoexcited core hole in a metal is effected by the creation of electron-hole (e-h) i.e. , that the natural core-hole lifetime and phonon widths, as well as the conduction-electron screening responses, are the same in the bulk and surface. These assumptions were dictated by the fact that the bulk and surface lines were poorly resolved, preventing the determination of independent values for these parameters. The assumption that the surface singularity index az is identical to the bulk value az has been maintained in all (save one ) subsequent studies of surface core-level shifts, even though data with higher resolution were frequently obtained. In recent work on the alkali metals ' this assumption was retained because theory showed that bulk and surface singularity indices in these metals are indeed very similar. There has also been experimental evidence to support this view. For example, the singularity index obtained by constraining the bulk and surface components to a common value in synchrotron data from Na (Ref. 6 ) was in good agreement with that obtained from corresponding XPS data in which the bulk signal is dominant. ' " Moreover, the singularity index for Rb (Ref. 8) determined from data taken with 40.8-eV He n resonance radiation was close to the previously determined value for Na, suggesting a common screening behavior for the alkali metals.
While it would appear that there is ample evidence to put this issue to rest, closer inspection suggests otherwise.
Recall that the original XPS work' '" preceded the discovery of the surface-atom core-level shift, 3 so that the early analyses were carried out with only a single bulk component. The possibility that a surface component existed in the data which could affect the overall shape of the observed spectrum was simply not considered.
Furthermore, in the only study in which az was not set equal to az, that of the W(110) surface, the singularity index for the surface atoms was found to be distinctly larger than that for the bulk. No satisfactory explanation for this difference in W has been offered, but the result does raise a basic question concerning the validity of the assumption that the screening of a surface core hole is the same as that of one in the bulk. Indeed, the fact that the surface electronic structure is known to be more freeatom-like than the bulk suggests that a different screening response is a general phenomenon which should be observable in metals other than tungsten.
Why, then, have there been no other reports of distinct singularity indices for bulk and surface metal atoms? The reason lies in the fact that these two parameters are ill defined unless the data satisfy three essential criteria. First, and most important, the bulk and surface components must be well resolved. This means that the instrumental energy resolution, as well as the natural width of the core level, must be smaller by at least a factor of 2 than the surface-atom core-level shift. For the alkali metals other than Li, which have shifts of -0.2 eV and outer-p core-level widths of 10-50 meV, an instrumental resolution better than 0.1 eV is required. Second, the perturbation of the core-electron binding energy at the surface must be (largely) 
Equations (1) and (2) provide information about the na-
In the present investigation, the question whether or not the screening response at the surface is different than in the bulk for metals other than W has been answered in the aSrmative. We find that for Li, Rb, and Na the sur- 
